Background: The aim of this study was to evaluate sympathetic nervous system (SNS) activity following dry needling (DN) treatment, by using the sympathetic skin response (SSR) method in female patients diagnosed with myofascial pain syndrome (MPS).
Introduction
Myofascial pain syndrome (MPS) can be defined as both a sensory-motor and an autonomic symptom complex [1] . Myofascial trigger points (MTrPs) are a common component of MPS in 30% of individuals, characterized by palpable taut bands within skeletal muscle fibers [2] : local hypersensitive points. Although this is known to be common in individuals with musculoskeletal dysfunction, they often go undiagnosed which may lead to chronic conditions [3] .
The etiology of trigger point (TP) formation in muscle and its mechanism of producing somatic symptoms is not fully understood. However, peripheral mechanisms, such as biochemical changes in neuromuscular junctions due to overuse injuries, stand as a common explanation for this formation [2, 4] . Conversely, it has become clear that a majority of chronic musculoskeletal pain cases are characterized by alterations in central nervous system processes and autonomic nervous system activation [2, 5] .
Patients with MTrPs may present autonomic symptoms, such as sweating, pilomotor activity, changes in skin temperature, lacrimation and salivation [6] . Furthermore, sympathetic nervous system activity increases motor activity, leading to muscle pain in MTrPs [7] [8] [9] .
In regards to the utilization of different mechanisms, a variety of treatment methods are available: modified proprioceptive neuromuscular facilitation stretching [10] , manual compression [11, 12] , tricyclic antidepressants [13, 14] , topical and injectable form of thiocolchicoside [15, 16] , tizanidine [17] , botulinum toxin injection of lidocaine [9, 16, 18] , TENS [18] , US with therapeutic intensity [4] , cold spray and stretch [1, 19] , ischemic compression [11] , and superficial dry needling (DN) [16, [19] [20] [21] . DN stands as a popular, yet, invasive method employed for the treatment of MTrPs [2, 16] . Following thorough investigation, it is evident that only a single study focusing on the effects of DN on neuromuscular junction response (NMRJ) and autonomic responses in a population with MTrPs exists; however, no results were presented in this study. Thus, our study aimed to investigate whether deep DN treatment would alter sympathetic nervous system activity; evaluManuscript accepted for publication May 10, 2016 Myofascial Pain Syndrome J Clin Med Res. 2016;8(7):513-518 ating sympathetic skin responses. This study stands as the first to attempt interpreting and presenting results in this area of study.
Patients and Methods
A prospective controlled study was conducted in a single center, Istanbul University, Medical Faculty, Department of Physical Medicine and Rehabilitation, between June 2011 and September 2011. Informed consent form samples for patient evaluation and follow-up were presented to the Istanbul Faculty of Medicine Ethics Committee, Istanbul University. Thirty-two female patients who met all inclusion criteria were recruited from Istanbul University, Istanbul Faculty of Medicine, Physical Medicine and Rehabilitation Department Outpatient Clinic. The control group consisted of 33 healthy women in the same age group. Inclusion and exclusion criteria for this study are presented in Table 1 .
In accordance with the standard set by the Ethics Committee of Istanbul University, demographical information of patients was recorded: age, height, occupation, marital status and level of education. Medical history was attained from all participants prior to recruitment. Musculoskeletal and neurological examination were performed by the clinician.
Following alcohol sterilization of the skin area covering the trapezius muscle, TPs were subjected to deep DN. No more than six needles (three right and three left) were applied in a single treatment session. Depending on the thickness of skin and subcutaneous tissue, acupuncture needles sized 0.25 × 40 mm or 0.25 × 25 mm were selected. Needles were winded at 10 min to re-create the stimulus and were then removed after 20 min. Treatments were scheduled once a week, equating to a total of three sessions for the entire treatment. No concommitant medical or physical therapies were allowed.
The outcome measures included sympathetic skin responses (SSR), pain intensity (visual analog scale (VAS)) and pressure pain threshold (PPT) obtained via an algometer, which were taken and recorded before and immediately after DN treatment (fourth week).
Pain intensity was self rated by the participants on a 0 -10 numerical rating scale: with 0 showing no pain and 10 representing severe pain.
The physiatrist used a pressure algometer (Wagner Pain Test, Model FPK/FPN Mechanical Algometer; USA) to measure the PPT. Participants were debriefed before the treatment.
In order to measure PPT, the most painful area in the upper trapezius MTrP was identified while the patients were situated in a comfortable sitting position. The algometer's metal rod was then pressed perpendicular to the skin over the identified TPs in the upper trapezius muscle. The applied pressure was increased at a rate of 1 kg/cm 2 . Participants in the control group were asked to notify the examiner by stating "yes" once pain or discomfort was felt. Whereas, participants in the treatment group (MTrPs group) were required to report pain intensity or discomfort as soon as it was experienced. This procedure was repeated three times in 40 s intervals. The average of the three values was determined as the PPT.
An electromyography instrument (2003 Nihon Kohden The Neuropack Map-9200/9300 series EP/EMG Measure System) with surface electrodes was utilized to assess SSR (impulse time 0.2 ms; severity of impulse 15 mA with interval of more than 30 s). During the assessment of SSR, a maximum of 10 impulses were applied unilaterally. Patients that did not respond to a consecutive of 10 impulses were recorded as "no sympathetic response". The shortest latency and highest amplitudes were recorded to allow sympathetic response calculations. The measurements were carried out in a silent, dark room with a temparature of 25 °C, and patients were in a supine position with their eyes closed. SSR was recorded following a single square-wave electric stimulus over the median nerve at the wrist. The recording and reference electrodes were placed on the palm and on the back of the hand, respectively.
In our study, SPSS version 17.0 was utilized for statistical analysis of the data (Statistical Package for the Social Sciences, Chicago, IL, USA). The average value for evaluation parameters, standard deviation, minimum and maximum values were calculated. Initial evaluation of homogenity between the two groups was accomplished via independent samples t and Chi-square tests.
Wilcoxon signed ranks tests were used to compare changes between groups; whereas, Mann-Whitney and Chi-square tests were employed for inter-group comparisons. Correlation between measurements was assessed using Spearman's Rho test, considering variable character and distribution.
The results were evaluated in a 95% confidence interval: P < 0.05 was considered statistically significant.
Results
Initially, 32 patients who passed the inclusion criteria and 33 control participants were enrolled in the study. Three participants from the patient group and two from the control group were excluded from the study, due to a lack of attendance. The study was completed with a total of 29 patients and 31 controls.
The mean age was 28.31 ± 5.13 (mean ± SD) years in the patient group and 27.39 ± 4.93 (mean ± SD) in the control group. Both of the groups were similar in terms of age distribution (P > 0.05). The mean BMI was measured at 22.78 ± 4.19 kg/m 2 (mean ± SD) in patients and 20.85 ± 2.70 kg/m 2 (mean ± SD) in the control group. There was a significant difference in BMI between the two groups (P < 0.05). No significant difference between the two groups in terms of dominant hand, drug use, disease, smoking and alcohol addiction, trauma, and exercise status was observed (P > 0.05).
Comparison of algometric mean values for the right trapezius muscle TPs, between patients and participants in the control group, was carried out. Results revealed an algometric value of 5.16 ± 1.73 kg/cm 2 (mean ± SD) for the control group and 4.32 ± 1.35 kg/cm 2 (mean ± SD) for the patient group: a value of P < 0.05 illustrated statistical significance for this comparison.
Additionally, the same analysis was carried out for the left trapezius muscle TPs. Participants in the control group showed a mean algometric value of 5.29 ± 1.65 kg/cm 2 (mean ± SD), whereas those in the patient group revealed a value of 4.36 ± 1.21 kg/cm 2 (mean ± SD), with significant difference between Myofascial Pain Syndrome J Clin Med Res. 2016;8 (7):513-518 the groups (P < 0.05).
In regards to pre-and post-treatment algometric values in the patient group, a statistically significant (P < 0.05) improvement in the right side was evident; yet, no change was identified in the left trapezius muscle post-treatment. However, pre-treatment algometric average values for the right trapezius muscle significantly increased from 4.32 ± 1.35 kg/cm 2 to 4.67 ± 1.19 kg/cm 2 and 4.36 ± 1.21 kg/cm 2 to 4.67 ± 1.29 kg/cm 2 for the left muscle (Table 2) .
General pain severity assessed by VAS in the pre-treatment (PT) patient group was 6.82 ± 1.46 2 (mean ± SD) after dry needling treatment (AT): measured in week 4 as 3.58 ± 2.62 2 (mean ± SD). VAS scores showed a significant improvement in the patient group (P < 0.05). In relation to SSR values, right side amplitudes were significantly higher, yet, latencies were significantly longer for both sides in the patient group, compared to those in the control group (P < 0.05).
Sympathetic responses in the patient group showed lower amplitudes ( Fig. 1) and prolonged latencies post-treatment (Fig.  2 ) when compared to pre-treatment measures done on both sides (P < 0.05). In contrast, no significant changes were observed in SSRs for participants in the control group (P > 0.05).
During treatment with DN and follow-up after 1 week, no adverse effects were observed.
Discussion
As SSR is strongly influenced by the autonomic nervous system, it could be used for active TP evaluation and treatment, as well as for peripheral neuropathy treatment accompanying autonomic nervous system disorders. Additionally, SSR may also be utilized in the diagnosis of reflex sympathetic dystrophy [2, 22] . In 50% of multiple sclerosis cases, SSR abnormalities were detected, possibly due to lesions presented in the central sympathetic way. Prolonged latency and amplitude reduction was found in amyotrophic lateral sclerosis, Parkinson's disease and stroke patients [23] .
DN is an effective and reliable method used to treat MPS by reducing VAS and the number of active TPs, with a notible Ozden et al J Clin Med Res. 2016;8 (7):513-518 reduction in the conversion of active TPs to latent TPs [24, 25] . As a result, reduced pain by dorsal neuron desensitization, without impeding on existing pathology, is possible [7, 8] .
Results indicate that DN treatment for MPS was effective in the reduction of both general pain and the number of TPs. Following DN treatment for 20 min once a week over 3 weeks, the average VAS score was reduced from 6.82 ± 1.46 to 3.58 ± 2.62 after treatment and at the fourth week control (P < 0.001). Similarly, the number of TPs decreased from 5.17 ± 1.19 to 4.38 ± 1.86 (P < 0.01).
Comparisons made between TP sensitivity in the patient group with the control group highlight the average algometric measurement of TP located on the upper fibers of the trapezius muscle (P < 0.05). Although DN treatment increased the pain threshold on both sides, this increase was not statistically significant on the left side.
Studies to date have indicated a rise in the pressure pain threshold with TP treatment. Srbely's study showed that following an injection to the supraspinatus muscle (C4-C5),the pain threshold levels for patients were elevated at the infraspinatus (C5-C6); yet, no change was evident at the gluteus medius muscles (L4-L5-S1) [26] .
Edwards and Knowles reported a rise in the algometric value in a patient group via superficial DN and stretching exercises [3] . Pressure pain threshold rises were also observed at the treated TP as well as at satellite TPs located on the pain area [27, 28] . Initially, pressure pain threshold for TPs was found low, but, increased following DN treatment.
Investigation of the SSR measurements for both the control and patient group showed a significant difference between the right amplitude and both side (right and left) latency measurements (P < 0.05). No statistical significance was observed for the left side amplitude measurements, which may have resulted due to habituation, as the right arm was the primary arm measured.
Neither group showed statistical significance between the first and fourth week of treatment (P < 0.001). Insignificance was also evident when SSR measurement differences were compared between the two groups (P ≤ 0.001).
Patient satisfactions in means of treatment adequacy were successfully accomplished, as a prolonged treatment period was employed; stardization was achieved. Another factor that increases the power of this study is that participants had no comorbid diseases.
Blinding was not possible because SSR measurements and treatment controls were conducted by the same clinician. SSR measurements were made twice in the patient group, which may have led to habituation.
Autonomic symptom questions such as increased salivation, changes in skin temperature, sweating, piloerection, impaired proprioception, erythema, etc. were not included in the questionnaires. This may either support or underestimate SSR. Additionally, differences between menstrual cycles could have been standardized.
Following thorough research, only a single study has focused on neurophysiological effects of DN in patients with upper trapezius myofascial TPs, with no results presented [2] . After detailed analysis, our findings confirm that an increase in sympathetic nervous system activity is present in patients with MPS and TP.
Taking habituation and various factors (such as menstrual cycle, patient emotional state, etc.) into consideration, this study suggests that the hyperactivity of the sympathetic nervous system plays an important role in the pathophysiology of MPS and TP. Studies of longer duration, including larger patient numbers, must be performed in order to obtain more robust results regarding CNS function and activity in pathophysiology of MPS and TP.
